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Introduction

IMGT®, the international ImMunoGeneTics information system®), http:/ /imgt.org/ (1], is the
global reference in immunogenetics and immunoinformatics |2|, founded in 1989 by Marie-Paule
Lefrane at Montpellier (Université de Montpellier and CNRS). IMGT{® is a high-quality inte-
grated knowledge resource specialized in the immunoglobulins (16G) or antibodies, T cell receptors
(TR), major histocompatibility (MH) of humans and other vertebrate species, and in the im-
munoglobulin superfamily (Ig8F), MH superfamily (MhSF) and related proteins of the immune
system (RPI) of vertebrates and invertebrates.

IG and TR are the antigen receptors of the adaptive immune response which characterizes the
vertebrates with jaws (gnasthostomata) |2|. Their study in normal and pathological conditions
iz a challenge due to their huge diversity (1012 potential specificities for humans) only limited by
the numhber of the B and T cells that an organism is geneticallv programmed to produce. The
high diversity of the variable domain at the N-terminal end of each IG or TR chain results from
penomic DNA rearrangements which oceur in B or T cells, respectively, and which involve vari-
able (V), diversity (D) and joining (J) genes |2]|. This combinatorial V-{D)-J diversity is further
increaszed by the junctional diversity and for 16, by somatic hypermutations. The analysis of
the immune repertoires has become feasible thanks to the developments of the next generation
sequencing (NGS) technologies. Sinee 2010, IMGT® has developed IMGT /HighV-QUEST |3,
4|, the high-throughput version of IMGT /V-QUEST, which is so far the only online tool avail-
able on the Web for the direct analysis of complete IG and TR variable domains (V-DOMAIN,
corresponding to the V-(D}-J REGION) of NGS nucleotide rearranged sequences, from humans
and other vertehrate species.
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METHODOLOGY

IMGT /HighV-QUEST analyzes up to 500,000 sequences per run, with the same degree of reso-
lution and high-quality results as IMGT/V-QUEST and IMGT/Junction Analysis |3, 4. Indeed
IMGT/HighV-QUEST uses the same algorithm and runs against the same IMGT reference di-
rectories. IMGT/HighV-QUEST numbers the user sequences according to the IMGT unique
numbering and introduces gaps accordingly. It identifies the ¥V, I) and J genes in rearranged
IG and TR sequences and, for the G, characterizes the nt mutations and amino acid {AA)
changes resulting from somatic hypermutations by comparizon with the IMGT /V-QUEST ref-
erence directories. The tool integrates IMGT /Junction Analysis for the detailed characterization
of the V-D-J or V-J junctions, IMGT/Automat for a complete sequence annotation with the
delimitation of the IMGT labels of description. By default, IMGT /HighV-QUEST identifies
the insertions/deletions (indels) which are NG5 errors resulting from homopolymer hybridiza-
tion and corrects them. IMGT/HighV-QUEST results consists classically of 11 CSV text files
downloadable as an archive file |3, 4]. The CSV files contain one line per analysed sequence,
and together may comprise up to 539 columns for a complete results report.

The IMGT /HighV-QUEST statistical analysis, which allows the identification and characteri-
zation of the clonotypes [5|, may analyse up to one million IMGT /HighV-QUEST results.

RESULTS

In the literature, clonotypes characterize the repertoires of the adaptive immune responses but
are defined differently, depending on the experiment design (functional specificity) or available
data. Thus, a clonotype may denote either a complete receptor (e.g., TR-alpha_beta), or only
one of the two chains of the receptor (e.g., TRA or TRE), or one domain (e.g., V-BETA), or
the CDR3 sequence of a domain., Moreover the sequence can be at the AA or nt level, and
this is rarelv specified. Therefore, IMGT priority was to define clonotypes and their proper-
ties, which could be identified and characterized by IMGT /HighV-QUEST within the statistical
analysis, unambiguously. In IMGT, the clonotype, designated as ‘IMGT clonotype [AA), is
defined by a unique V-(ID}-J rearrangement (with IMGT gene and allele names determined by
IMGT/HighV-QUEST at the nt level) and a unique CDR3-IMGT AA junction sequence |5].
An IMGT clonotype (nt) is defined by a unique V-({D)-J rearrangement (with IMGT gene and
allele names determined by IMGT /HighV-QUEST at the nt level) and a unique CDR3-IMGT nt
junction sequence. Several IMGT clonotypes nt may correspond to one IMGT clonotype (AA).

The statistical analysis applies a filter on the IMGT /HighV-QUEST results: only the ones char-
acterized by a V-GENE and allele (single or several alleles), a JUNCTION and a J-GENE and
allele (single or several alleles) are filtered-in for statistical analysis [5). Statistical analysis output
is provided as a txz file (IMGT/HighV-QUEST Documentation: http://www.imgt.org/HighV-
QUEST /doc.action). In order to evaluate and to explore, between sets, the significance of
pairwise comparison of IMGT clonotype (AA) diversity and expression per ¥V, D) and J gene,
IMGT /StatClonotype [6] was developed. This tool is downloadable on the IMGT® site (http://www.
Integrated in the R packase "IMGTStatClonotype™, it offers a graphical interface to visunal-
ize pair wise comparison, per IMGT genes and alleles, of the IMGT clonotype {AA) diver-
sity or expression of any G or TR immunoprofiles of any species, obtained as outputs of the
IMGT /HighV-QUEST statistical analysis.

With the advent of single molecule, long read sequencing (PacBio), the advanced function-
ality ™ Analysis of single chain Fragment Variable (scFv)” sequences [7] has been added as an
option within IMGT /HighV-QUEST. So far, the NGS analysis of scFv was a challenge. Indeed,
scFv are enginesred antibody single chain fragments which comprise two variable domains asso-
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ciated by a peptide linker and the NGS methods did not provide reads long enough to span the
length of the seFv (= 800 bp). If selected, the IMGT/HighV-QUEST functionality analyses
both V-DOMAIN individually (results in the 11 CSV files) and produces a 12th TSV result
file "scEv" where the association between the two V-DOMAIN, their respective positions in the
sequence, the positions and the length of the linker are recorded. This advanced functionality
allows the analvsis of the content of scFv combinatorial phage display libraries which are clas-
sicallv screened for identification of novel therapeutic antibody specificities.

CONCLUSIONS AND PERSPECTIVES

IMGT/HighV-QUEST is the standard for the NGS analysis of IG and TR repertoires in ex-
perimental engineered (combinatorial libraries) or in physiological conditions {vaccination, im-
munodeficiency, autoimmune diseases, cancers and infectious diseases). IMGT /HighV-QUEST
iz particularly well adapted for the analysis of complete V domains of the IG and TR reper-
toires from B and T subsets, in many experiments and from many individuals (humans or other
vertebrate species).

IMGT /HighV-QUEST was originally developed using Java based technologies and was initially a
2-tier architecture system: application, database. It combined a web-based user interface (client
UT) and a job management system {using Java Quartz) in one web application. It evolved into a
3-tier architecture system: client Ul database and scheduling-system. The scheduling-system is
now a standalone system (shell seripts and cron) which has the possibility to be integrated to an
automation tool, such as Rundeck. After the implementation of the 3-tier architecture system, a
new client Ul will soon be made available based on modern web technologies { Bootstrap, Struts2
and Tiles3). The 3-tier architecture will enable easier implementation of the newly developed
functionalities.

IMGT /HighV-QUEST makes use of High Performance Computing (HPC) clusters to run large
number of user submitted jobs that are split into tasks (ie. IMGT/V-QUEST runs) based on
a linear equation. In regards to the new available HPC clusters and the users’ demands to
increase the number of sequences in one job, the reduction in computational processing time
by parallelizing the IMGT /V-QUEST module within IMGT /HighV-QUEST is underway with
the usage of dynamic parameters. Java ‘multi-threading (fork-join/work-stealing-algorithm) and
profiling benchmarking (JMH APIs)' are used for its development. The possibility of utilizing
distributed computing facilities (JPPF) is also explored.
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